Introduction: Studies indicate that 17.9% -60% of adults in Germany and Europe regularly use food supplements. Some reports suggest that their use might be responsible for excessive nutrient intake. The purpose of this survey was to examine the quantitative mineral intakes from food supplements: whether the tolerable upper intake levels (ULs) with supplements alone, or in combination with food was exceeded was checked. Methods: The survey was carried out by the Association for Consumer Research, Nürnberg, Germany. Anonymous data of 1070 supplement users (40.8% men, 59.2% women) aged 18 -93 years were available. Three groups were examined based on dietary and supplemental mineral intakes: average, middle-high and high intake. Results: The mean number of supplements reported was 1.6 ± 1.1 products in men and 1.5 ± 0.9 products in women. The minerals most frequently consumed were magnesium, followed by calcium, zinc and selenium. The percentage of the supplement users with total intakes greater than the UL was minimal for all minerals. Supplement use in 143 cases increased the likelihood of intakes above the UL only for magnesium. Subjects particularly in the high intake group-as a worst case scenario-had intakes above the UL in the case of calcium (n = 23) and zinc (n = 34). The percentage of subjects taking several products was greater in subjects exceeding the UL than in those below (P < 0.001). Multiple use was seen significantly more often in men than in women (P < 0.01). Conclusions: In this survey, supplement use was generally not associated with excessive intake. Supplement use resulted in intakes above the UL in only a few cases relating to magnesium, calcium and zinc. This applies more often to elderly subjects and particularly to those who already have a high mineral intake from food in the model calculation.
Introduction
Food supplements are regularly used by the adult population. Consumption of supplements in Germany and other European countries ranged between 17.9% and 60% of the population [1] - [9] .
According to the European legal definition (food supplement directive 2002/46/EC), food supplements are foodstuffs in the form of capsules, tablets, pills, and other similar forms, which are intended to supplement the normal diet. Food supplements and related product groups are concentrated sources of nutrients, mainly vitamins, minerals and trace elements, but increasingly also other substances, such as plant extracts or essential fatty acids [10] [11] with a nutritional or physiological effect, alone or in combination.
In the last few years, the use of food supplements has been controversially discussed in view of expected benefits versus possible risks [7] [12]- [14] . There is certain evidence that excessive intake of specific nutrients can cause adverse effects [15] . Based on this background, maximum intake levels have been established for most vitamins and minerals. The tolerable upper intake level (UL) is the maximum level of total chronic daily intake of a nutrient from all sources that can be safely taken without risking an overdose or serious side-effects [16] . The taking of several products at the same time has also been discussed as a potential risk of excessive nutrient intake. The risk of excessive intake, particularly of calcium, magnesium, iron, and zinc, has been related to supplement use [13] [17] [18] . In this context, several aspects need to be considered: a) total supply from all dietary sources, b) short term use vs. lifetime use, c) high variability due to the amounts of vitamins or minerals, and d) the small difference between intake recommendation and UL.
The aim of this survey was to record the use of all food supplements systematically regarding each individual's intake habits. The incidence of multi-exposure and its influence on the total nutrient intake was specifically investigated. Whether or not an UL exceedance has occurred was checked. Additionally, a detailed observation of those subjects who exceeded UL with food supplement intake only and those with intake from food and supplements was made. The qualitative evaluations about the mineral intake are shown in this publication; the results about the vitamin intake will be published separately.
Methods
The project has been coordinated by the Institute of Food Science and Human Nutrition, Leibniz University Hannover, Germany. This included in particular the questionnaire preparation, product research, data preparation, and statistical analysis. The survey was conducted by the Association for Consumer, Marketing and Sales Research (GfK, Nürnberg, Germany) and took place in two waves (summer: 10-17 and 24-31 August 2012, winter: 22 February to 8 March 2013). Personal interviews (face-to-face) by experienced and trained interviewers using CAPI (Computer Assisted Personal Interview) as part of an omnibus survey (multiple topic survey) in the households of the consumers, as well as identical online interviews took place. The interviewees were representatively selected for the face-to-face interviews on the basis of official statistics based on state, city size, gender, age, household size, and occupation of the head of the household. The online respondents were selected through a representative consumer panel of GfK and were selected for supplementary use.
All participants were informed about the intended research and the anonymity of their data. GfK emphasised compliance with ethical practice and professional standards as well as data protection regulations. The questionnaire was performed on the basis of both national (ADM: ArbeitskreisDeutscherMarkt-und Sozialforschungsinstitutee.V.) and international (Esomar: worldwide society for social and market research, CASRO: Code of Standards and Ethics for Survey Research) market research industry guidelines.
The questionnaire included both personal and general demographic questions (e.g. age, gender, income, education, household size), as well as a specific part regarding supplement consumption. The product-specific information (product name, pack size, manufacturer, European Article Number (EAN), or Pharmazentralnummer (PZN)), consuming behaviour and consuming rationale for each product mentioned were retrieved and analysed. The individual nutrient composition of each product was investigated using the product-specific information. When products had unclear or incomplete information that could not be unambiguously assigned to a specific product, we referred to the composition of a comparable standard product with a listed highest dose.
The average daily intake for each individual nutrient was calculated by using the nutrient composition as unit/day multiplied by the respective taking habits (frequency of intake: daily (factor *1), 3 -4 times/week (factor *3.5/7), 3 -4 times/month (factor *3.5/30.4), or very irregularly (factor *12/365); seasonal supply: all year (factor *1), only in summer (factor *6/12), only in winter (factor *6/12), only on special occasions, e.g. sickness (factor *3/12)). A sample calculation for a preparation containing 5 µg vitamin D, which has been used several times a week (3 -4 times/week) and only in winter is: 5 µg × 3.5/7 × 6/12 = 1.25 µg vitamin D average daily intake. Information regarding the duration of intake were recorded as: <3 months, ≥3 to <6 months, ≥6 to <12 months, ≥1 to <5 years, ≥5 to <10 years, and ≥10 years.
Drugs containing micronutrients were excluded from the analysis. Only food supplements, food for special medical purposes in the form of capsules and dietetic food have been considered as food supplements.
National reference values for nutritional intake were used for the comparison of the mineral intake calculated with the recommended dietary intake [19] . The data for the nutrient intake from food was conducted from the National Nutrition Survey II published in 2008 [9] . The 50 th and 95 th percentile of mineral intake from food were used based on this survey. Total mineral intake was calculated for three groups based on dietary intakes and the use of food supplements: average intake (the sums of the 50 th percentile from food and the 50 th percentile from supplements), middle-high intake (50 th percentile food plus 95 th percentile supplements) or high intake (95 th percentile food plus 95 th percentile supplements). The high intake group was interpreted as a "worst case scenario". Nutrient intake data as a share of total population were not available for selenium, copper, chromium, manganese, or molybdenum.
The proportion of subjects exceeding UL was calculated for each nutrient to assess the general risk of excessive mineral intake from food supplements. Similar to other studies [7] [13], we used the UL defined by the European Food Safety Authority (EFSA) when available [16] , or the UL from the Food Nutrition Board (FNB) of the Institute of Medicine (IOM) [20] [21] . The ULs are based on total nutrient intake from food and supplements, except for magnesium, for which the UL (250 mg/d) defined by the EFSA is based on intake from supplements only [16] [22] .
The data acquisition was carried out by using input masks in Microsoft Excel 2010, and IBM SPSS Statistics (Version 21.0) for statistical analyses. Descriptive results were determined as case number, mean, standard deviation, 5 th percentile, median (50 th percentile), 95 th percentile, maximum, and percentage. The chi-square test was used to test for statistically significant differences between two groups. There are nonparametric distributions of the intakes for all nutrients. Therefore, the Mann-Whitney U test was used for the comparison of intakes between specific groups. Statistical significance was generally accepted at P ≤ 0.05. This research was in compliance with the Declaration of Helsinki.
Results

Characteristics of the Supplement Users
A total of n = 4963 men and women were interviewed via CAPI, of which only n = 804 (16.2%) used supplements. Extra online surveys took place in order to achieve a desired sample size of n = 1250 respondents. This provided data from another n = 623 supplement users. Overall, the n = 1427 supplement users surveyed named n = 2352 products, of which n = 738 (31.4%) were not taken into account in the further analysis as they were not declared as food supplements or similar dietetic foods, or they could not be adequately characterized. The flow chart (Figure 1) illustrates the structure of our study population of supplement users analysed (n = 1070).
Characteristics of this collective are shown in Table 1 . The ratio of women to men in the face-to-face interviews (62.0% vs. 38.0%, respectively) was compared to that in the online surveys (55.9% vs. 44.1%, respectively) and the difference was statistically significant (P < 0.05). The proportion of women predominated in both types of surveys. The average age of the supplement users was 54.5 ± 14.9 years (18 -93 years). The majority of respondents (68.8%) consumed only one product. The average intake of different supplements reported was 1.6 ± 1.1 products in men and 1.5 ± 0.9 products in women; this gender difference was not significant. Of the products mentioned, 60.7% contained one or more minerals (12.7% exclusively minerals, 48.0% minerals and/or vitamins and/or other substances). Further descriptive data in relation to this survey has already been published [23] .
Characteristics of Supplement Use
Magnesium (59.2% of all supplement users), calcium (37.0%), zinc (33.6%), and selenium (23.0%) were the most frequently consumed minerals. All other minerals were from products supplied by less than 20% of the respondents ( Table 2 ). There were no significant differences between the incidence of mineral intake between men and women. Table 2 presents the mean, median and maximum, as well as the 5 th and 95 th percentile, of mineral intake among all supplement users. In the case of the most commonly consumed minerals, the median intake was between 17% of the specific reference value for calcium and 36% for magnesium and zinc. The median iron intake in women was about 40% of the reference value of 15 mg/d. Supplemental mineral intake above the 95 th percentile was sometimes higher than the specific reference value. This was the case for magnesium (7.5% of those supplement users taking the specific mineral), zinc (5.3%), selenium (5.3%), copper (13.1%), chromium (8.7%), molybdenum (4.5%), and manganese (14.4%). The primary reason for supplement purchase was the desire for preservation of health and general well-being (65.8% -78.8%). Other motivations were compensation for an unbalanced diet (40.1%), medical recommendations (33.6%) or existing diseases (37.9%); data not shown.
Questions about frequency, duration and seasonal taking habits of the products showed that 61.3% of the products mentioned were used daily and 71.3% throughout the year. Periodic taking habits (only in summer or winter or special occasions) were only seen for 1.3% -9.4% of the products.
Exceeding the UL with Supplemental Mineral Intake
Few subjects surpassed the UL of magnesium and zinc through supplemental intake only. One male supplement user exceeded the UL of zinc with 30 mg/d. This was due to the intake of a total of four products containing zinc, of which two were dietary foods for special medical purposes. The UL set for supplemental magnesium (250 mg/d) was exceeded by 22.3% (n = 62 men; n = 81 women) of those supplement users taking magnesium (n = 274 men; n = 366 women). In 68% of cases, the UL of magnesium was exceeded by the intake of a single preparation. The mean magnesium intake in this subgroup of supplement users exceeding the UL of magnesium was 368.0 ± 75.8 mg/d compared to 90.2 ± 75.9 mg/d for the subgroup with intake below the UL (P < 0.001). Overall, subjects exceeding the UL were significantly older than those whose intake was below the UL (58.2 ± 14.3 vs. 53.0 ± 14.9 years, P < 0.001). Additionally, the men in this group were significantly older than the women (61.8 ± 11.9 vs. 55.5 ± 15.4 years, P < 0.05). There was a weak but significant correlation between the exceeding of the UL and age (r = 0.142, P < 0.001). The percentage of subjects taking several products was greater in subjects exceeding the UL than those below (P < 0.001). The average number of products recorded in this group was 2.3 ± 1.6 products compared to 1.5 ± 0.9 products from subjects below the UL. On average, those subjects were regular (76.0% daily, 94.8% throughout the year) and long-term (72.8% for less than five years) users. Table 3 presents the mineral intake from supplements only, food only, and from food and supplements for the male and female supplement users. The UL set for magnesium was already exceeded from supplemental intake alone at the 95 th percentile in men and women (400 mg/d). In the middle-high intake group, the UL was only that the preparations were mostly taken daily, over the entire year and for less than five years. The average number of products in this subgroup was 2.9 ± 2.3 for calcium, 2.4 ± 1.5 for magnesium and 2.7 ± 1.8 for zinc. Women had significantly higher mean calcium intakes whereas men had significantly higher mean zinc intakes. In eight cases, supplemental calcium intakes above the 95 th percentile resulted from the use of two products with calcium (1× specific calcium preparation, 1× multi-compounds preparation). The other 15 subjects only used one calcium preparation containing a dose between 800 and 1000 mg. Accordingly, the zinc intake above the 95 th percentile derived from the use of two products containing zinc (n = 12), three products containing zinc (n = 2) or one preparation with 10 -15 mg zinc each (n = 20).
Addition of Supplemental Mineral Intake to Foods
Discussion
The objectives of the present study were to evaluate the mean mineral intake of supplement users and whether there are possible risks involved. Therefore, the prevalence of subjects which exceeded the specific UL of minerals by supplement intake alone and by addition of the intake from diet and supplements was assessed. Detailed and actual compositional information of the products mentioned individually were used for the calculation of the specific mineral amounts.
In agreement with previous studies in Germany [1] [24]- [26] , more women (59.2%) used supplements than men (40.8%). Moreover, an increasing use of supplements was observed with increasing age. Here, the proportion of men and women over the age of 50 years was 70.7% and 54.3%, respectively. Unlike most comparable surveys, however, the percentage of men was higher in the age groups 51 -64 and ≥65 years. Studies from Denmark [4] , England [3] , Canada [27] , and Germany [1] [8] identified women in the age group of 50 -75 years as the most common supplement users.
Multiple use of food supplements due to the intake of several products at the same time are discussed as a potential risk of excessive nutrient intake. Data of multiple uses were acquired in this survey. Approximately 69% of the subjects consumed only one supplement. This proportion is slightly higher compared to other studies [28] [29]: the prevalence of supplement users taking only one preparation was 57.5% [28] and 54.8% [29] . It was found for several products that men used them statistically significantly more often than women. This is in contrast to previous surveys, in which elderly women were more likely to use multiple supplements [28] - [31] . One reason for this discrepancy could be the inclusion of drugs containing calcium and vitamin D, which are more often consumed by women due to osteoporosis prophylaxis, in former studies [2] [8] [29] . Overall, multiple use played a minor role when considering the totality of subjects. However, taking into account the most frequent minerals recorded (magnesium, calcium, selenium, and zinc) and those subgroups in which the UL was reached, respectively exceeded in a few cases for magnesium, calcium and zinc, an increase of multiple use was observed. In this context, elderly subjects using several supplements are possibly a population at high risk for exceeding ULs. Furthermore, from the fact that, overall, most supplements were consumed daily (61.3%), throughout the year (71.3%) and for at least one year (56.1%), consistently high levels of mineral intake from supplements are to be considered for specific subgroups.
The intake of vitamins and minerals from food supplements can be used to improve nutritional status in case of insufficient intake by diet. In this survey, the median mineral intake from supplements ranged from 6.4% (e.g. potassium) to 83.3% (e.g. selenium) of the respective national reference values. The mean mineral intake was not statistically different between men and women. Moreover, it is notable that the mean selenium intake from food supplements (27.9 ± 28.7 µg/d) is quite close to the lowest national reference value (30 -70 µg/d). However, these recommendations are estimates by definition. Furthermore, it must be noted that current nutritional data were not available for selenium intake in the German population. Thus, an accurate interpretation is not possible.
Additionally, the 95 th percentile of iron intake from food was proportionately high in men (24.7 mg/d). Thus, the total intake of iron in the high intake group (38.7 mg/d) consequently results in a high level as well, but still did not exceed the UL of 45 mg/d from the FNB/IOM.
The median food intake did not change substantially by the addition of the median supplemental intake. The consumption of food supplements even in the middle-high and high intake ("worst case scenario") groups did not result in excessive intakes, except for calcium (n = 23) and zinc (n = 34). This is of importance, as an excessive dose of calcium may cause adverse effects, such as kidney stones, hypercalcaemia and interactions between dietary minerals [16] . Side-effects in humans from excessive zinc intake are divided into acute and chronic effects. Acute toxicity is uncommon and primarily related to gastrointestinal symptoms, whereas chronic toxicity is associated with impaired immune function, and altered lipoprotein and copper metabolism [16] [32] . It was not unexpected to observe excessive intakes of calcium and zinc, since the ULs are quite low and close to the respective national reference values. Additionally, it must be noted that higher calcium and zinc intake levels partially resulted from the use of single mono-preparations. This is of relevance for the discussion of maximum nutrient levels in food supplements. Maximum levels would help to further minimise the risk of exceeding the UL. However, the "worst case scenario" of high mineral intake from food sources and food supplements is of practical relevance as food supplements are normally used by health conscious individuals with a higher educational level and with an already high nutrient intake by diet [8] [17] [33] [34] . Otherwise, people with the lowest dietary intake and with the greatest need would benefit most. When adding up the intakes from food supplements and food, it should be emphasized as a weakness that there is only a reference to the secondary data of the National Nutrition Survey II [9] , and we did not use person-related data about the individual nutrient intake from food. This can therefore be regarded as an estimate only. Indeed, nearly identical results have been reached, when the high intake levels were calculated with the primary data of the food and supplemental intakes both from the National Nutrition Survey II. In the case of calcium, iron, iodine, and zinc even higher intake values have been achieved.
The sole use of food supplements did not generally increase the mineral intake above the UL, except for magnesium (>250 mg/d). Single doses of magnesium (>250 mg/d), induced by easily dissociable magnesiumsalts, can cause osmotic diarrhoea, which are reversible. Toxic hypermagnesaemia can only be seen with single oral doses >2500 mg [16] . A percentage of 13.4 of the supplement users were observed to exceed the UL. These results are consistent with findings of other investigators. Food supplement use of magnesium, calcium and zinc increased the likelihood of total intakes above the UL [17] [31] [35] . Overall, food supplement use increases with age and the multiple use of supplements even more. Here again, older adults may be more likely to have excessive intake of some minerals.
The majority of study results relating to nutrient intake only include the intake of nutrients from diet and/or supplements. There is very little information available about the consumption of fortified foods in combination with dietary intake and food supplement use [7] [9] [36] [37] . This should be taken into account in further studies. Enriched foods bear a substantial share of the supply of some nutrients [9] [37] . Therefore, nutrient intake from food is likely to be underestimated. In this survey, fortified foods were partially considered, as the National Nutrition Survey II [9] included fortified foods, such as enriched juices or cereals, in their calculations.
As already mentioned, a limitation of this study is the use of data from different sources. In this case, the data were used to perform a theoretical risk calculation model (addition of percentiles). For Germany there are no other food intake data than the NVS II data available. Moreover, this national nutrition survey had a sufficiently large sample required to represent the nutrition situation in Germany. However, the calculation model has weaknesses due to the use of secondary data.
Additionally, it is critical to compare a mineral intake from a mixed diet across the day with a daily single-dose from food supplements, as has been done in the "worst case scenario". The individual bioavailability of several minerals, dependent on their chemical form, plays an important role but has not been considered here.
Conclusion
According to the data collected, food supplements and related product groups are particularly consumed to maintain or improve health. In this survey, the mineral intake from food supplements additional to the intake from the diet bears no overall risk of overdose. The data show that multi-exposure is not a widespread issue. The estimated intake of high doses was observed only in individual cases for magnesium, calcium and zinc. However, in the case of magnesium, the recommended maximum amount for food supplements was more frequently exceeded. Even if only few cases were dangerously affected, there was a need for professional advice regarding a rational choice of food supplements and for setting EU-wide maximum levels.
